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ABSTRACT 
As a result of the recent interest in bison (Bos bison) ranching, over 95% of bison are now 
found in private herds. Because management strategies used by both public and private herd 
managers are not significantly different from those associated with cattle, there is concern 
that bison may be undergoing domestication. Effects of management on bison behavior may 
include changes in group/herd dynamics, which may, in turn, may affect bison distribution 
and impacts on the landscape. Severely truncated age structures are typically maintained in 
both public and private herds, but effects on the behavior and social organization of bison are 
unknown. In this study I determined the effect of age structure on movement rate, 
fission/fusion rate, behavioral synchrony, and leadership in female bison. I observed 7 bison 
herds (18 sampling units) during the summers of 2004-2005 in the Nebraska Sandhills; 11 
herds with an old age structure (oldest female > 10 y) and 7 herds with a young age structure 
(oldest female < 10 y). A herd size of about 200 animals had the lowest movement rate; 
larger and smaller herd sizes had higher movement rates. Movement rate decreased with 
increasing group size, and age structure of the herd had no independent effect on movement 
rate. Fission/fusion rate increased with pasture size, and fission/fusion rates were 
significantly lower in herds containing old females when differences in density were 
statistically controlled. Behavioral synchrony increased as age of the oldest female in the 
group increased in old herds, but not in young herds; however young herds were more 
synchronous than expected. Older females led the group more often than expected, given 
their proportion in the group. These results suggest that old herds may be more stable and 
provide leadership, when compared to young herds. Patterns of range use may be different in 
herds with different age structures, and as a result, revisitation rates may change based on 
V11 
age. Further studies are needed to determine differences in range use patterns, as well as 
impacts on the grassland environment, with respect to age structure. 
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CHAPTER 1. GENERAL INTRODUCTION 
BACKGROUND 
Extinction and r'ecover'y. The Great Plains ecosystem has evolved over millions of 
years under the influence of fire, grazing, and climate. This region has the nation's hottest 
summers, coldest winters, worst droughts, strongest winds, shortest growing season, and 
consequently, it is perfect bison (Bos bison) habitat (Popper and Popper 1993). The Great 
Plains ecosystem comprises 12-15% of North America and is the historical and current home 
for the bulk of the U.S. bison population (Lauenroth et al. 1999; Lott 2002). 
However, the Great Plains was also the site of a massive extermination effort in the 
nineteenth century. The return of the American bison from the brink of extinction is one of 
the most notable examples of a maj or conservation effort in recent history (Boyd 2003 ; 
Pickrell 2005). From 1800 to 1890, the bison population drastically declined from an 
estimated 30-60 million animals (McHugh 1972; Shaw 1998) to around 1,000 animals 
(Wilson and Strobeck 1998; Hornaday 2002). Because of successful conservation efforts, the 
present day bison population has increased to about 350,000 (Lueck 2002), about 70°Io of 
which are found in the 10 Great Plains states (USDA 2002). However, due to current 
management practices, bison face a new threat. The current threat is not that of extinction, 
but loss of their natural behaviors resulting from intense management (Lott 1998). Without 
the use of appropriate management strategies, the conservation of the natural character of 
these animals is uncertain. 
The American bison is the only wild animal in the United States that is not allowed to 
live as such in their native environment (Lott 2002). Their movement and home range is 
restricted by park boundaries, preserve limits, and the confines of private ranches. In the 
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private sector, economics is the driving force behind bison management decisions, and 
preservation of wild characteristics may fall behind profit maximization. Therefore, the most 
promising opportunity for the conservation of the American bison is the public herd (Lott 
2002). 
Herd ownership and management. There are bison on many types of public land, 
including national and state parks, national and state wildlife refuges, recreational areas, and 
military bases (Callenbach 1996). However, these combined herds represent less than 5% of 
the total bison in the United States (Knowles et al. 1998). There is a wide range of 
management ideas for public herds, from unmanaged to intensely managed. At one extreme 
is Yellowstone National Park. It is the only public herd in the United States that is free 
roaming; it is the largest herd, with 4,000 individuals (Boyd 2003), and it has the most 
available area (2.2 million acres) (Callenbach 1996). At the other extreme are numerous 
other herds that employ strict management. These include forced weaning, which disrupts 
the normal social organization of the herd (Brookshier and Fairbanks 2003), and manipulated 
sex ratios and age structures to increase reproductive output. Currently, over 50°Io of the 
public herds in the United States cull based on age class, and approximately 50% manage for 
a manipulated sex ratio (Boyd 2003). 
Many of the smaller public herds have fewer than 50 individuals and are severely 
constrained by area (Berger and Cunningham 1994). When herds are small, management 
must be carefully designed if a wild herd is desired. This includes reducing the probability of 
inbreeding through simulated dispersal and employing random harvest techniques to mimic 
natural selection (Knowles et a1.1998). 
It would be expected that public herds would focus on managing bison in a way that 
would conserve them as a wild species; however, this is not always the case. In many public 
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herds, bison are providing the revenue needed to sustain park operations, via bison sales and 
hunting (Boyd 2003). This results in a shift from conservation as the goal to a goal of profit 
maximization. To conserve the natural character of bison, public herd managers need to play 
an active role in the preservation of bison as a genetically diverse, naturally behaving species. 
In order for conservation efforts to be successful, there needs to be less emphasis put on the 
use of bison as a tool for profit-making, and more emphasis on allocating funding to bison 
conservation. 
As a result of the recent interest in bison ranching, over 95 °Io of bison are found in 
private herds (Knowles et al. 1998). Bison have many natural attributes that make them an 
ideal and profitable ranching species. They are considered excellent rotational grazers, 
making manipulation of grazing patterns less important (Klein 1998). Bison are better 
adapted to cold weather, less prone to diseases, and bison meat is lower in fat content than 
cattle (Klein 1998). These attributes have convinced many cattle ranchers to expand their 
businesses to include bison. However, these traits result from behaviors that have been 
shaped by natural selection under free-ranging conditions. 
Most bison today are undergoing domestication because the management strategies 
used are not significantly different from those associated with cattle (De Liberto and Urness 
1993). Selection for certain herd characteristics (e.g. small herd sizes, skewed sex ratios, 
younger age structures), along with selection for individual traits (e.g. docility, horn 
size/shape, overall body size), have the potential to negatively affect these wild ungulates 
(Knowles et al. 1998; Lott 1998). 
Using management techniques originally developed for cattle may reduce the natural 
characteristics that make bison an attractive ranching species for some private ranchers. To 
conserve the few remaining wild lines, both public and private herd managers will have to 
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achieve a balance between selective breeding and natural mate selection as well as age/sex 
specific culling and natural mortality (Danz 1997). If ranchers want to ensure the 
preservation of the characteristics that make bison such an appealing and lucrative animal, 
management strategies need to be designed to allow these traits to persist. 
Historic and ecological role of bison. By 1890, the estimated tens of millions of 
bison had been replaced with over 90 million domestic cows and sheep (Knopf and Samson 
1997). As a result, there were significant changes in the ecology of the Great Plains during 
this time, resulting from both the shift in grazers and the associated management for the 
domestic species (Hartnett et al. 1997). These ecological changes included: fire-grazer 
interactions, disturbance patterns, and plant-herbivore interactions (Hartnett et al. 1997). 
There has been recent interest in restoring bison to a functional role in natural area 
management. Many managers consider cattle and bison to be functionally equivalent, due to 
their similar size, appearance, and food preference (Wuerthner 1998). The assumption that 
the two species are ecological equivalents is often used as a justification for the continuation 
of domestic livestock grazing on public lands (Tohill and Dollerschell 1990); however, there 
is evidence that the two species may not be ecologically equivalent (Plumb and Dodd 1993 ; 
Hartnett et al. 1997; Wuerthner 1998). There is often little understanding of basic bison 
ecology and of the ecosystem they once inhabited (Knowles et al. 1998). Bison evolved in 
the semi-arid Great Plains ecosystem, while cattle originated in mesic environments of 
Eurasia (Van Vuren 2001). This difference in evolutionary histories may have influences on 
the spatial and/or temporal distributions of bison (Wuerthner 1998). 
Temporal and spatial patterns tend to differ between bison and cattle. Historic bison 
grazing was believed to be high intensity, but low frequency, while cattle grazing is often 
low intensity, but high frequency (Lauenroth and Milchunas 1991). The difference in grazing 
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patterns between cattle and bison may affect the frequency of fire. Under pre-settlement 
conditions, above ground biomass would have had time to accumulate between bison grazing 
bouts, leading to frequent, small scale fires. This would not be expected to occur with cattle. 
Because cattle grazing is typically low intensity, but high frequency there would not enough 
time between cattle grazing bouts to accumulated enough above ground biomass to promote 
fire (Brown and Sieg 1999). 
Significant differences in the morphology, social behavior, and foraging ecology of 
cattle and bison may make bison a more appropriate grazer in some areas of the Great Plains 
(Biondini and Steuter 1998). Morphologically, bison are better adapted to facilitate living in 
a grassland environment. These adaptations include: a larger size, which is effective for 
predator defense (Wuerthner 1998), short limbs which permit access to short grasses 
(McDonald 1981), muscular front quarters and small hind quarters which allow for sustained 
running, necessary for long distance movements (Wuerthner 1998), and a larger head that 
allows them to efficiently forage in the snow (Fortin 2003 ). 
Herbivores modify vegetation in several ways; these include reducing plant height, 
changing plant morphology, creating patchy vegetation mosaics, and changing plant species 
diversity (Hartnett et al. 1997). In the South Dakota mixed prairie, cattle allocated more 
time to grazing and had longer grazing bouts than bison (Plumb and Dodd 1993). Bison 
selected patches dominated by C4 grasses and avoided patches with significant cover of forbs 
or woody species, while cattle consume a higher quality diet of forbs, browse, and 
graminoids. This indicates that cattle are more selective foragers than bison (Plumb and 
Dodd 1993; Vinton et al. 1993). A historical examination of bison grazing suggested that 
bison grazed heavily on a local scale. This, combined with wallowing and trampling, 
contributed to a vegetation mosaic, characteristic of the pre-settlement landscape of the Great 
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Plains (England and DeVos 1969; Damhoureyeh and Hartnett 1997; Fuhlendorf and Engle 
2001). Bison grazing is also more spatially heterogeneous than cattle grazing. Bison create 
large grazing lawns that are heavily foraged, while other areas are left relatively untouched. 
Cattle create smaller grazing patches that are more evenly distributed, resulting in a more 
homogeneous landscape (Towne et al. 2005). 
It may be incorrect to assume that bison, due to their prehistoric role in grassland 
ecology, are the correct herbivore for grassland natural area management. The 
appropriateness of bison or cattle may be dependent on the size of the area, management 
plans, economics, and handling facilities. Bison are often the preferred grazer when there is 
a medium to large tract of land, relatively simple management plans, acceptable economics, 
and high quality handling facilities (Plumb and Dodd 1993). Land managers or bison 
ranchers need to weigh the costs and benefits of each species to determine which grazer 
would be best suited for their needs. 
The difference between the influence of historic free-roaming bison versus semi-free-
roaming bison on a fenced environment is considered, by many, to be much greater than the 
current differences between semi-free-roaming bison and cattle (Plumb and Dodd 1993; 
Hartnett et al. 1997). This suggests that management (e.g. stocking rates and pasture 
rotation) may play a significant role in the impact of cattle and bison on the grassland 
environment (Fleischner 1994; Hartnett et al. 1997). Given an understanding of the 
adaptations of cattle and bison to the Great Plains, and the incorporation of different 
management strategies, specific for the species, both species can be considered to be a tool 
with which to maintain the long-term productivity and ecological function of the Great Plains 
(Hartnett et al. 1997). Incorporating cattle and bison into natural area management may 
optimize the economic gain for the land manager and maintain the biotic integrity of the 
environment (Plumb and Dodd 1993). 
Knowledge of the impacts of behavior on ecology is important in order to understand 
the potential responses to certain management scenarios. In many species, certain 
individuals are often preferred by many herd members while others lack any social attraction. 
Often, it is the leader of the herd that is favored by other members of the herd (Reinhardt and 
Reinhardt 1981). This preference for certain individuals may result in a more cohesive 
group, due to increased behavioral synchrony with the leader(s). In bison, an older cow will 
often lead the group during periods of movement (Soper 1941; Lott 1971; Callenbach 1996; 
Lueck 2002; The Nature Conservancy 2003). Similar leadership roles of older females are 
found in African buffalo (Syncerus Gaffer) (Prins 1996), bighorn sheep (Ovis canadensis) 
(Reale and Festa-Bianchet 2003), and Zebu cattle (Bos indicus) (Reinhardt and Reinhardt 
1981). Without this leadership, groups may splinter and efficient grazing patterns could 
break down, potentially affecting plant communities and ecological processes (e.g. fire). 
Stability, a result of group cohesion, can be determined by the frequency at which one 
or more individuals leave (fission event) or join (fusion event) the group (Lingle 2003). 
These fission fusion events lead to the formation of subgroups of varying sizes and are 
believed to be related to resource availability, predation pressure, and social relationships 
(Keith and Konig 1999). Fission fusion societies are common in many mammalian species, 
including primates (Lehmann and Boesch 2004), African elephants (Loxodonta africana) 
(Lee 1986) and feral cattle (Bos taurus) (Lazo 1994). There have been many different 
findings on the associations formed by bison. Bison are gregarious by nature and herds 
generally break up into groups (Meagher 1993). Previous research has reported conflicting 
results on the makeup of bison groups. These include the formation of stable groups 
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composed of relatives (Soper 1941), stable groups of no more than 10 individuals (Van 
Vuren 1978), and no stable associations beyond the cow-dependent calf bond (Lott and 
Minta 1983). Management may also play a role in the makeup of bison groups. Previous 
studies have shown that the age of a female may influence her degree of association with her 
calf (Green 1990), thus affecting the stability of the group, and differences in weaning 
practices (naturally weaned versus forcibly weaned) may affect group cohesion (Brookshier 
and Fairbanks 2003). 
Group cohesion maybe affected by the age structure of the herd. In bison, group 
membership is known to change frequently and the size of the group can range from very few 
to several hundred individuals (Green 1992). If the presence of older females in the herd has 
an effect on group stability, there should be a difference in the rates of fission/fusion between 
herds with older females and those without. Changes in fission fusion rates may impact the 
patchiness of grazing, which could influence the vegetative types and contribute to a 
difference in plant diversity (Phillips et al. 2001). 
A group can only be considered cohesive if its members are in the same place, at the 
same time, and more often than not, engaging in the same activities (Conradt and Roper 
2000). Behavioral synchronization provides important information about differences in 
social behavior and the causes of group organization (Engel and Lamprechet 1997). 
Behavioral synchrony is generally high in grazing species, such as bison, possibly to 
maintain group cohesion (Ruckstuhl and Neuhaus 2001). Synchronization can be viewed as 
a way to maintain contact with group members (Jarman 1974) and minimize predation risk 
(Dehn 1990). However, individuals of different sex and size may incur a cost if 
synchronization prevents them from following their optimal activity budget (Ruckstuhl 
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1998). The costs of behavioral synchrony include increased competition for food and 
increased aggression (Molvar and Bowyer 1994). 
Cu~~ent management and goals. There are many aspects of bison behavior that 
must be considered in order to understand group/herd dynamics and devise appropriate 
management strategies. One important management issue to address is the highly truncated 
female age structure often seen in both public and private herds. The average lifespan for 
female bison in the wild is 12-15 years, however those in captivity have lived to be 40 
(Callenbach 1996). Females are often culled due to decreased reproductive rates. In South 
Dakota, fecundity of female bison began to decrease after 14-15 years of age and there was 
essentially no difference in individual reproductive performance between 5-13 years old 
(Berger and Cunningham 1994). However, in Yellowstone National Park, female bison 
between 4-8 years old had the highest reproductive potential while older females had reduced 
reproductive potential (Rune et al. 1998). Culling based on reproductive potential is often 
practiced by private ranchers whose goal is to maximize production, and therefore profit. 
However, in many public herds, bison are providing the bulk of the revenue generated, and 
public herd managers are finding that altering the age structure and sex ratio allows for a 
more cost effective management of the herd (Boyd 2003; Braun 2004). 
Currently, the goals of public and private bison managers are very different, but the 
management regimes do not reflect this difference. Private ranchers face the challenge of 
managing bison for profit while still maintaining the wild character of bison. However, a 
management plan that is beneficial to ranchers will also aid in the preservation of the natural 
character of bison, and ultimately assist in the conservation of the American bison as a wild 
species. Public herd managers have the opportunity to play an active role in the preservation, 
not only of a species, but of a genetically diverse, naturally behaving, wild species. In order 
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to prevent the "cattleization" of bison (Jackson 1999), it is necessary to change the current 
perception of bison as solely a profit making tool, and incorporate new management practices 
that respect their natural behavior. The under-representation of older age classes of female 
bison, in both public and private herds, may affect many aspects of bison behavior including 
social organization, group cohesion, and movement patterns. 
The reason for the decline of the bison population was not habitat loss or human 
population growth. However, if current trends persist, almost all large mammals will be 
found only in reserves. Bison may serve as a general model of what to expect for other large 
mammals facing similar circumstances (Berger and Cunningham 1994; Derr et al. 1998). In 
order to devise appropriate management strategies, designed specifically for the species of 
concern, the ecology of the animal must be known. This includes knowledge of natural 
history, habitat, diet, land use, and reproduction, as well as behavior and social organization. 
THESIS ORGANIZATION 
This thesis contains three chapters, one of which is to be submitted for publication in 
a scientific journal. Chapter 1 is a general introduction to my thesis research that includes 
background information on the historic and current roles of bison. Chapter 2 examines the 
effect of age structure on movement rate, group cohesion, and leadership in female bison. 
Chapter 3 contains general conclusions from this research. Laura G. Erickson designed the 
study, collected and analyzed the data, and prepared the text. Dr. W. Sue Fairbanks obtained 
funding, assisted with study design, and provided guidance and editorial assistance. 
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CHAPTER 2. THE EFFECT OF AGE STRUCTURE ON MOVEMENT 
RATE, GROUP COHESION, AND LEADERSHIP IN 
FEMALE BISON (BOS BISON 
ABSTRACT 
Severely truncated age structures are typically maintained in both public and private bison 
herds. I observed 7 bison herds (18 sampling units) during the summers of 2004-2005 in the 
Nebraska S andhills to determine the effect of herd age structure on movement rate, 
fission/fusion rate, behavioral synchrony, and leadership in female bison. A herd size of 
about 200 animals had the lowest movement rate, there was a negative relationship between 
median group size and movement rate, and age structure of the herd did not have an 
independent effect on movement rate. There was an increase in fission/fusion rate as pasture 
size increased, and age structure of the herd had an effect on fission/fusion rate when 
differences in density were statistically controlled. Behavioral synchrony increased with age 
of the oldest female in the group in herds with an older age structure, but not in young herds; 
however young herds were more synchronous than expected. Older females led the group 
more often than expected, given their proportion in the group. These results suggest that old 
herds may be more stable than young herds and have increased cohesion, possibly resulting 
in high intensity grazing on localized areas. This grazing pattern may contribute to a patchy, 
heterogeneous landscape, characteristic of the pre-settlement Great Plains. This is important 
with respect to management because patterns of range use may be different in herds with 
different age structures, and as a result, the impacts on the grassland environment may 
change based on age structure of the herd. 
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INTRODUCTION 
The return of the American bison (Bos bison) from the brink of extinction is 
considered by many to be one of the most notable examples of a major conservation effort in 
recent history (Boyd 2003; Pickrell 2005). From 1800 to 1890, the bison population 
drastically declined from an estimated 30 - 60 million animals (McHugh 1972; Shaw 1998) 
to approximately 1,000 animals (Wilson and Strobeck 1998; Hornaday 2002). Because of 
successful conservation efforts, the present day bison population has increased to between 
350,000 — 500,000 (Lueck 2002; Boyd 2003). However, due to current management 
practices, bison face a new threat. The current threat is not that of extinction, but loss of their 
natural behaviors resulting from intense management (Lott 1998). Without the use of 
appropriate management strategies, the conservation of the natural character of these animals 
is uncertain. 
Currently, over 95% of the 350,000-500,000 bison in the U.S. reside on private 
ranches (Lueck 2002; USDA 2002; Boyd 2003). Many ranchers consider cattle and bison to 
be functionally equivalent, due to their similar size, appearance, and food preference 
(Wuerthner 1998). Bison also have many attributes that make them an ideal and profitable 
ranching species. They are considered excellent rotational grazers, making manipulation of 
grazing patterns less important (Klein 1998). Bison are better adapted to cold weather, less 
prone to diseases, and bison meat is lower in fat content than cattle (Klein 1998). In the 
private sector, economics is the driving force behind bison management decisions; however, 
management strategies used for bison are not significantly different from those used for cattle 
(De Liberto and Urness 1993). Selection for certain herd characteristics (e.g. small herd 
sizes, skewed sex ratios, younger age structures), along with selection for individual traits 
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(e.g. docility, overall body size, horn size/shape), have the potential to negatively affect these 
wild ungulates (Knowles et al. 1998; Lott 1998). 
It might be expected that public herds would focus on managing bison in a way that 
would conserve them as a wild species; however, this is not always the case. In many public 
herds, bison are providing the revenue needed (e. g. bison sales and hunting) to sustain park 
operations (Boyd 2003), which results in a shift from conservation as the management goal, 
to a goal of profit maximization. Therefore, current management practices of public and 
private herds are often similar. 
Public and private herd managers typically alter the herd age structure to allow for 
maximum productivity and for more cost effective management of the bison herd (Boyd 
2003; Braun 2004). Females are often culled due to decreased reproductive rates. The 
average lifespan for female bison in the wild is 12-15 years, however those in captivity have 
lived to be 40 (Callenbach 1996). In South Dakota, fecundity of female bison began to 
decrease after 14-15 years of age and there was essentially no difference in individual 
reproductive performance between 5 and 13 years old (Berger and Cunningham 1994). 
However, in Yellowstone National Park, female bison between 4-8 years old had the highest 
reproductive potential while older females had reduced reproductive potential (Rune et al. 
1998). Private ranchers whose goal is to maximize production, and public herd managers 
who rely on bison as a revenue source, often practice culling based on reproductive potential. 
The resulting, highly artificial, truncated age structure of most bison herds may have major 
impacts on social organization and spatial structure of the herds, ultimately altering range use 
patterns and plant communities. 
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In bison, an older cow will often lead the group during periods of movement (Soper 
1941; Lott 1971; Callenbach 1996; Lueck 2002; The Nature Conservancy 2003). This 
leadership may be the result of having more knowledge of the area and of the location of 
resources (Greenwood and Rittenhouse 1997). Similar leadership roles of older females are 
found in African buffalo (Syncerus Gaffer) (Prins 1996), bighorn sheep (Ovis canadensis) 
(Reale and Festa-B ianchet 2003 ), and Zebu cattle (Bos indicus) (Reinhardt and Reinhardt 
1981). Culling of older females may eliminate this leadership, causing reduced group 
cohesion and the break down of efficient grazing patterns. This change in grazing patterns 
could potentially affect plant communities and ecological processes (e.g. fire). 
A group can only be considered cohesive if its members are in the same place, at the 
same time, and more often than not, engaging in the same activities (Conradt and Roper 
2000). Behavioral synchrony is generally high in grazing species, such as bison, possibly to 
maintain group cohesion (Ruckstuhl and Neuhaus 2001). Synchronization can be viewed as 
a way to maintain contact with group members (Jarman 1974) and minimize predation risk 
(Dehn 1990). However, individuals of different sex and size may incur a cost if 
synchronization prevents them from following their optimal activity budget (Ruckstuhl 
1998). Because sex and size are important determinants of behavioral synchrony, age may 
also be. 
Stability, a result of group cohesion, can be determined by the frequency at which one 
or more individuals leave (fission event) or join (fusion event) the group (Lingle 2003). 
Fission fusion societies are common in many mammalian species, including primates 
(Lehmann and Boesch 2004), African elephants (Loxodonta africana) (Lee 1986), and feral 
cattle (Bos taurus) (Lazo 1994). Group cohesion may be affected by the age structure of the 
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herd. If the presence of older females in the herd has an effect on group stability, there 
should be a difference in the rates of fission/fusion between herds with older females, and 
those without. Changes in fission/fusion rate may impact the patchiness of grazing, which 
could influence the vegetative types and contribute to a difference in plant diversity (Phillips 
et al . 2001) . 
The degree of group cohesion and behavioral synchrony, as well as the presence or 
absence of a leader, may affect bison movement patterns and, as a result, grazing patterns. If 
bison are used solely for production, and profit maximization is the goal, ranchers should 
manage to prevent overgrazing. This may necessitate herds with high movement rates to 
prevent intense foraging in specific areas, and pasture rotation to allow for vegetation 
regrowth (Hartnett et al. 1997; Klein 1998). However, if bison are being used to manage 
remnant/restored prairies, the management goal may be to mimic historic disturbance 
patterns. In this case, low movement rates would be desired to achieve high intensity, patchy 
grazing, and result in landscape heterogeneity and high biodiversity (Lauenroth and 
Milchunas 1991; Vinton et al. 1993). 
In order to prevent the loss of the wild behavioral characteristics of bison, there must 
be a willingness to direct funding towards conservation and education. In private herds, 
economics is the driving force, although some private herd managers are also concerned 
about retaining the natural characteristics that make bison well-suited for ranching in the 
Great Plains. The most promising opportunity, however, for the conservation of the 
American bison is the public herd (Lott 2002). Public herds have the opportunity to manage 
bison in such a way that would incorporate their natural behaviors, while achieving the 
desired management goals. Bison on public lands may often be both a component of the 
21 
native diversity, and a tool in managing the land to increase habitat heterogeneity. This may 
result in improving habitat for other wildlife (Coppedge et al. 2001; Fuhlendorf and Engle 
2001) and the maintenance or restoration of a prairie (Knapp et al. 1999). 
To avoid the "cattleization" of bison (Jackson 1999), it is important to determine the 
effects of different management practices on the behavior and ecology of bison. The under-
representation of older age classes of female bison, in both public and private herds, may 
affect social organization, group cohesion, and movement patterns in bison. Therefore, age 
class may be an important consideration in management decisions. Tn this study, I employed 
observational methods to examine movement rate, group cohesion, behavioral synchrony, 
and leadership in bison herds with different age structures, located in the northern Nebraska 
Sandhills. To my knowledge, this is the first study to investigate the effects of age structure 
on the behavior of female bison. 
METHODS 
Study area and herd selection.—All bison herds were located on private land in the 
Sandhills region of north-central Nebraska. The Nebraska Sandhills cover about 5,000,000 
ha (50,000 km2) of north-central and central Nebraska (Fig. 1). Over 95% of the Nebraska 
Sandhills is comprised of native grassland and it is regarded to be one of the largest 
continuous expanses of native grassland left in North America. About 90% of the Sandhills 
landscape consists of grass-stabilized dune formations dominated by bluestem and prairie 
sandreed prairie (Shiflet 1994). The vegetation is a mixed-grass prairie. Predominant 
species include: big bluestem (Andropogon geYardii), little bluestem (Schizachyrium 
scoparium), sand bluestem (Andropogon hallii), prairie sandreed (Calamovilfa longifolia), 
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FIGURE 1. County map of Nebraska. Shaded area indicates the Sandhills 
region and labeled counties contain the study sites. Locations of study sites are 
approximated by black circles. The larger circles indicate 2 herds at each site. 
Map adapted from: http://www.ne.nres.usda.gov/technical/MLRA_MAP.html 
needle-and-thread grass (Stipa comata), blue grama (Bouteloua gracilis), hairy grama 
(Bouteloua hirsutus), sand dropseed (Sporobolus cryptandrus), Indian ricegrass (Oryzopsis 
hymenoides), and switchgrass (Panicum virgatum). Common forbs include: leadplant 
(Amorpha canescens), yucca (Yucca glauca), prairie clover (Dalea spp. ), goldenrod 
(Solidago spp.), and sunflowers (Helianthus spp.) (Barker and Whitman 1988). Yearly 
precipitation in the Sandhills ranges from 43 to 58 cm, classifying the Sandhills as a semi- 
arid region (Wilhite 1990). 
The study areas were located across about 280 km of the Sandhills, from Cherry 
County in the west to Holt County in the east (Fig. 1). Herds were selected within the 
northern Nebraska Sandhills to reduce variation in habitat type, climate, and weather patterns 
among study sites. Other selection criteria were that all individuals in the herd were age 
branded and/or individually marked with ear tags, and that driving distances among herds 
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were logistically feasible. To determine if the presence of females in old age classes in the 
herd had an effect on behavior, herds were chosen based on age of the oldest female in the 
herd. Herds were considered to be young herds if the age of the oldest females) was < 10 
years. Herds were considered old herds if the oldest females) was > 10 years. This age 
division was chosen based on previous research on female bison reproduction (Berger and 
Cunningham 1994; Aune et al. 1998). It is also common for managers to cull female bison 
around 10 years old, as is also often the case with cattle (Braun 2004, Selk 2005). A similar 
age was used to denote an old female in other ungulate species (White and Garrott 2005). 
Based on availability of herds, minimum herd size was 30 individuals and minimum pasture 
size was 6 ha. Limited contact with humans was preferred for all herds to allow for 
expression of the most natural behaviors. However, bison management typically included 
annual round up in late fall and selective culling in all herds studied. Pasture rotation and 
supplemental feeding were also common (Table 1). 
Data were collected from mid-May to early August 2004-2005. Bison were observed 
through a 60X spotting scope from a field vehicle. Five herds were observed in 2004, 3 
herds with an old age structure and 2 herds with a young age structure. In 2005, 2 new herds 
were added to incorporate additional herds with a young age structure. I determined, a 
priori, that pasture size and herd size may influence movement rate and fission/fusion rate. 
Several herd management strategies included pasture rotation within years, changes in 
pasture location and size between years, and changes in herd composition between years; 
therefore, the sample size was considered to be 18 (Table 1). 
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TABLE 1. Herd information for all bison herds studied from mid May-early August 2004-2005. 
Letters indicate herds, numbers indicate the year studied. If letters and year are the same, this indicates 
pasture rotation, resulting in separate sampling units. If letters are the same and the year is different, 
this indicates that the same herd was studied in both 2004 and 2005. 
Herd Herd size Pasture 
size (ha) 
Age of the 
oldest 
female 
Age 
structure 
Comments 
A-04 33 280 9 Young Supplemental feed (SF) 
B-04 41 285 +20 Old SF 
C-04 348 3036 10 Old 
D-04 279 4857 6 Young 
E 1-04 215 21 10 Old Pasture Rotation (PR) 
E2-04 215 8 10 Old PR 
E3-04 215 131 10 Old PR 
AB 1-OS 110 363 +20 Old 
Combined herds A & B, 
added additional animals, 
SF, and PR 
AB2-OS 110 285 +20 Old 
Combined herds A & B, 
added additional animals, 
SF, and PR 
AB3-05 110 280 +20 Old 
Combined herds A & B, 
added additional animals, 
SF, and PR 
C-05 272 3036 11 Old 
Same herd as C-04, 
reduced number of 
animals 
D-05 3 89 4857 7 Young 
Same herd as D-04, 
added animals 
E 1-05 202 1096 11 Old 
Moved pasture location 
from 2004 and PR 
E2-OS 202 335 11 Old 
Moved pasture location 
from 2004 and PR 
F1-OS 239 76 7 Young PR 
F2-OS 23 9 18 8 7 Young PR 
G 1-05 1727 4816 6 Young PR 
G2-OS 1727 3018 6 Young PR 
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Bison behavioral observations. Two 3-h observation periods were performed per 
day. The morning period took place between 0800 and 1300 h; the afternoon period took 
place between 1300 and 1800 h. On average, I completed two 3-h observation periods per 
herd per week. Observation periods were truncated due to inability to follow the focal group 
and to inclement weather. Therefore, observation periods ranged in duration from 30 min to 
4 h. The minimum length of an observation period used in analyses was 60 min. 
A herd census was conducted at each study site before each observation period. 
Driving routes were established for the largest pastures (herds C, D, and G; Table 1). All 
other pastures had little topography and were small enough to determine the locations of all 
groups with limited search time. When groups were found, group composition, including 
number of females, calves, and bulls, and the age of the oldest females) were recorded 
when, possible. At the completion of the herd census, one group (containing >1 female) was 
chosen at random from the groups recorded during the census. This group became the focal 
group for the observation period. Most animals were habituated to vehicles, which allowed 
for close observation. 
Group location was recorded every 10 min during the observation period. Methods 
varied slightly between the 2004 and 2005 field season. In 2004, Universal Transverse 
Mercator (UTM) coordinates of the observer location were recorded using a Global 
Positioning System (GPS) (Trimble GeoXT). Distance to the center of the group was 
recorded using a laser rangefinder (Bushnell CLR800) and bearing was recorded using a 
standard compass. The Bearing and Distance Extension 1.1 (Mokaraoui 2001) in Arcview 
3.3 (ESRI 2002) was used to project the actual UTM location of the center of the focal group. 
Identical methods were used in 2005, with the exception that the offset function on the GPS 
unit was used to calculate and map the projected location of the center of the focal group. 
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Fission/fusion events, defined as individuals) leaving/joining a group, were 
continuously recorded throughout the observation period. Individuals were considered to 
have j oined a group when they were within 100 m of their nearest neighbor in the group and 
to have left a group if they exceeded that distance (Lott and Minta 1983; Green 1992; 
Ruckstuhl and Neuhaus 2001). The number of individuals joining or leaving the focal group 
was recorded, as well as the age/sex of individuals joining or leaving, when possible. When 
a fission event occurred, the portion of the group that remained at the original location was 
then considered the focal group. 
Behavior was divided into 6 activities: foraging, walking, running, standing, resting, 
and nursing. A foraging animal was defined as standing or walking in a head down position. 
A walking behavior necessitated a steady forward motion with an upright head position. A 
running behavior involved a fast forward motion and an upright head position. Standing was 
a motionless behavior with the head in an upright position, often ruminating. Resting 
animals were lying down and were typically ruminating, but often sleeping. Nursing animals 
were standing with a suckling calf or yearling. Similar behavioral categories have been used 
in previous ungulate studies (Schaefer and Messier 1996; Pelletier 2005). These behaviors 
were mutually exclusive. The proportion of all visible individuals in the focal group, 
performing each behavior, was recorded every 10 min during the observation period. The 
behavior and age of the oldest females) in the group were also recorded to determine if the 
group was exhibiting behavioral synchrony with the oldest females) more often than not. 
I also determined if older females were more likely to lead groups than younger 
females. Data pertaining to leadership roles were collected continuously throughout the 
observation period. For this study, leaders were defined as individuals that initiated 
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movement from one area to another and were followed by at least 50% of the focal group. 
When a leadership event occurred, the number of individuals following the leader and the 
age of the leader were recorded, when possible. 
Statistical analysis. At the end of each observation period, the total distance (in m) 
a group moved was calculated using the Animal Movement Extension (Spatial Tools 1998) 
in ArcView. This distance was the sum of each distance moved per 10 min. From these 
data, a movement rate (m/h) per focal group and the mean movement rate per herd were 
calculated. I compared the movement rates of herds with older females and herds with young 
females using atwo-sample t-test. Simple linear regressions were performed to determine 
the relationship between movement rate and herd size, pasture size, median group size, and 
density. Fission/fusion rate (events/h) was calculated for each observation period. Mean 
fission/fusion rate per herd was calculated and I compared the fission/fusion rates of herds 
with older females and herds with young females using atwo-sample t-test. Simple linear 
regressions were performed to determine the relationships between fission/fusion rate and 
herd size, pasture size, median group size, and density. 
To incorporate age into the models, I used a mixed model analysis of covariance 
(ANCOVA) to determine the effect that age had on movement rate and fission/fusion rate 
when added to the models containing each of the independent variables used in the simple 
linear regressions. Sample size was 18 for all models, unless otherwise specified. The 
sample sizes for old and young herds were 7 and 11, respectively. Two young herds were 
over 4 times larger than the next largest herd (G 1-OS and G2-O5; Table 1) and were removed 
from analysis of the relationship between movement rate and herd size and the relationship 
between fission/fusion rate and herd size. Therefore, total sample size for those analyses was 
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16 herds; the sample size for young herds was 5 and the sample size for old herds was 11. 
Two old herds had over 3 times the density as the other herds (E 1-04 and E2-04; Table 1) 
and were removed from analysis of the relationship between movement rate and density and 
the relationship between fission/fusion rate and density. Total sample size for those analyses 
was 16 herds and the sample sizes for old and young herds were 7 and 9, respectively. 
To determine if the older females were exhibiting synchronous behavior with the 
focal group more often than not, I used the behavior data to calculate a synchronization factor 
(S f) for each 10-min scan (Ruckstuhl 1999; Ruckstuhl and Neuhaus 2001). The behavior of 
the oldest visible female in the focal group at each 10-min scan was assigned a value based 
on its degree of synchrony with the focal group. If more than one female representing the 
oldest age was found in the focal group during any 10-min interval, one female of the oldest 
age was chosen at random, and she was assigned a S f value for that interval. If her behavior 
differed from the behavior exhibited by the greatest percentage of individuals in the focal 
group, the S f for that 10-min interval was 0. If she exhibited the same behavior as the 
greatest percentage of the focal group members, the S f for that 10-min interval was 1. If she 
exhibited the same behavior as half (50°Io) of the focal group, while the other half exhibited 
one other behavior, the S f for that 10-min interval was 0.5. Behavioral synchrony was not 
recorded in herds F 1-05 and F2-05 (Table 1) because the majority of the females in those 
herds were in the same age class. 
A mean S f value was calculated for each observation period. Only observation 
periods with > 3 S f were used in analyses. Each observation period was considered an 
independent sampling unit because the number of observation periods was about equal 
among herds. Although each focal group was drawn at random from among groups 
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censused, focal groups may have contained individuals that were represented in previous 
focal observations. Total sample size for S f data was 128 (young herds 3 8; old herds 90). I 
compared the S f values of herds with older females and herds with young females using a 
two-sample t-test. Simple linear regression was performed to determine if there was a 
relationship between S f and age of the oldest female in the group. Achi-square statistic was 
calculated to determine if there was a difference in the distribution of S f values (< 0.50 and 
> 0.50) within old herds and young herds. 
To determine if age was a factor in leadership, I calculated the number of leadership 
events per observation period and the frequency at which an older female was the leader. I 
used achi-squared statistic to test the null hypothesis that the oldest females would be the 
leaders in proportion to their abundance in the group. Only the observation periods that had 
at least one leadership event were included and observation periods were excluded if the 
number of old females in the focal group and/or the focal group size were unknown (n=20). 
When appropriate, the strength of collinearity was determined between two 
independent variables (e.g. herd size, pasture size, median group size, density). I examined 
collinearity in two ways. A simple linear regression was performed using the independent 
variables to determine the correlation coefficient. Due to the small sample size (n=18), r = 
0.70 was used as the cutoff value for collinearity (Berry and Feldman 1985). The variance 
inflation factor (vIF) was also used as a measure of the degree of collinearity between the 
independent variables. For this study, a VIF > 10 was used to indicate strong collinearity, 
which may lead to problems with interpretation (Belsley et al. 1980). 
Because herd location and/or composition changed between years, data for 2004 and 
2005 were pooled for all analyses to increase sample size (n=18). I graphically assessed 
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normality using aquantile-quantile plot of residuals. All data were considered to be normal, 
thus parametric tests were applied. Medians and interquartile ranges (IQR) or means and 
standard errors (x ± SE) are given for the data presented. The sampling unit for analyses 
involving movement rate and fission fusion rate was the herd. The sampling unit for 
analyses involving synchrony was the observation period. A P-value of < 0.05 was 
considered significant and P < 0.10 was considered a trend. All statistical procedures were 
performed using SAS 8.02 (SAS Institute Inc. 2001) and JMP 5.1.2 (SAS Institute Inc. 
2004). 
RESULTS 
The median herd size for young herds (oldest female < 10 years old) was 279 animals 
(IQR 239, 1727). With removal of the 2large young herds, the median herd size remained 
279 animals (IQR 136, 334). Median herd size for old herds (oldest female > 10 years) was 
202 animals (IQR 110, 215). Median pasture size for young herds was 3018 ha (IQR 188, 
4857). Median pasture size for old herds was 285 ha (IQR 131, 1096). Median group size 
ranged from 29.5-239.0 animals. Overall median group size for herds with a young age 
structure was 60 animals (IQR 33, 239); for old herds it was 110 animals (IQR 41, 215). 
Median density for young herds was 0.36 animals/ha (IQR 0.08, 1.28). Median density for 
old herds was 0.39 animals/ha (IQR 0.14, 1.65). With the removal of the 2high-density, old 
herds, the median density was 0.30 (IQR 0.13, 0.50). 
Movement rate. Mean movement rates were 432.26 ± 99.39 m/h for young herds 
and 410.20 ± 51.67 m/h for old herds (t = 0.20, P = 0.85). In 2004, when the offset function 
on the GPS unit was not used, the average error in estimating the center of the focal group 
was 66.20 m. In 2005, when the offset function on the GPS unit was used, the average error 
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was 36.41 m. Because focal group location was a measure of the center of the group, the 
error calculated was negligible since, in most cases, the distance from one end of a group to 
the other was greater than the error. 
A positive quadratic relationship was found between movement rate and herd size (F 
= 6.27, d.f. = 2, 13, P = 0.01, R2 = 0.41). Smaller herds (< 200) showed a decrease in 
movement rate with an increase in herd size, while herds > 200 animals exhibited an increase 
in movement rate with increasing herd size. The addition of age into the quadratic model (F 
= 5.98, d.f. = 5, 10, P = 0.01, R2 = 0.62; Fig. 2) revealed no significant independent effect of 
age (P = 0.23) or quadratic interaction effect (P = 0.63 ), but did reveal a significant linear 
interaction effect (P = 0.01). When examined separately, old herds showed a positive 
quadratic relationship between movement rate and herd size (F = 5.24, d.f. = 2, 8, P = 0.04, 
R2 = 0.46). Young herds exhibited no relationship between movement rate and herd size (F = 
8.25, d.f. = 2, 2, P = 0.11); however, because the sample size for young herds was small (n = 
5), the power to detect a significant relationship was low (1-~ = 0.72). 
Movement rate increased with pasture size, however this relationship was not 
statistically significant (F = 4.26, d.f. = 1, 16, P = 0.06, R2 = 0.16). There was no effect of 
adding age into the model (F = 2.39, d.f. = 3, 14, P = 0.11; Fig. 3). When analyzed 
separately, there was no relationship between movement rate and pasture size in old herds 
(F = 0.0003, d.f. = 1, 9, P = 0.99), but in young herds, movement rate increased with pasture 
size (F = 6.75, d.f. = 1, 5, P = 0.05). 
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FIGURE 2. Relationship between movement rate and herd size 
for old (n = 11) and young (n = 5) herds in the Sandhills region of 
Nebraska during summer 2004-2005. Herd size ranged from 33 -
389 individuals. Symbols represent the mean movement rate for 
each herd. 
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FIGURE 3. Relationship between movement rate and pasture 
size for old (n = 11) and young (n = 7) herds in the Sandhills 
region of Nebraska during summer 2004-2005. Pasture size 
ranged from 7 — 4856 ha. Symbols represent the mean movement 
rate for each herd. 
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Because herd size and pasture size both influenced movement rate, I also analyzed the 
effect of density on movement rate. Movement rate tended to decrease with increasing 
density, however the relationship was not statistically significant (F = 3.23, d.f. = 1, 14, P = 
0.09, RZ = 0.13). Adding age into the model did not improve the explanatory value (F = 1.02, 
d.f. = 3, 12, P = 0.42). 
Movement rate decreased as median group size increased (F = 11.56, d.f. = 1, 16, P < 
0.01, RZ = 0.38). Including age in the model (F = 3.40, d.f. = 3, 14, P = 0.03; Fig. 4), 
revealed no independent effect of age or interaction effect (P = 0.80 and P = 0.39, 
respectively). When analyzed separately, movement rate tended to decrease with an increase 
in median group size in old herds (F = 3.83, d.f. = 1, 9, P = 0.08), but the relationship was not 
statistically significant. In young herds, movement rate decreased with median group size (F 
= 6.33, d.f. = 1, 5, P = 0.05). 
Although multicollinearity analysis revealed no strong collinearity between median 
group size and pasture size (r = 0.59, Variance Inflation Factor (VIF) = 1.64), the two 
independent variables were significantly negatively correlated (F = 10.19, d.f. = 1, 16, P < 
0.01, R2 = 0.35). A multiple regression model incorporating pasture size and median rou g p 
size (F = 5.53, d.f. = 2, 15, P = 0.02, RZ = 0.35) revealed a significant relationship between 
movement rate and median group size (P = 0.03), however there was no independent effect 
of pasture size (P = 0.73). Therefore, the relationship between movement rate and pasture 
size was likely an artifact of median group size. 
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group size for old (n = 11) and young (n = 7) herds in the Sandhills 
region of Nebraska during summer 2004-2005. Median group size 
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movement rate for each herd. 
There was also a significant quadratic relationship between median group size and 
herd size (F = 10.22, d.f. = 2, 13, P < 0.01, R2 = 0.55). However, due to the small sample 
size and the quadratic relationship revealed in the analyses of movement rate and herd size, 
as well as median group size and herd size, I was unable to include a multiple regression 
model into the analysis. 
Fission/fusion gate.—Mean fission/fusion rates were 0.99 ± 0.30 events/h for young 
herds, and 0.76 ± 0.27 events/h for old herds (t = 0.58, P = 0.57). Fission/fusion rate tended 
to increase with herd size, but the relationship was not statistically significant (F = 3.01, d.f. 
= 1, 14, P = 0.10). Adding age into the model had no additional effect on fission/fusion rate 
(F = 1.06, d.f. = 3, 12, P = 0.40). 
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Fission/fusion rate increased with pasture size, however, not significantly (F = 3.76, 
d.f. = 1, 16, P = 0.07, R2 = 0.14). Including age in the model did not improve the fit (F = 
2.15, d.f. = 3, 14, P = 0.14; Fig. 5). When the effect of pasture size on fission/fusion rate was 
analyzed separately for young and old herds, there was no relationship between fission/fusion 
rate and pasture size for old herds (F = 0.07, d.f. = 1, 9, P = 0.80), but fission/fusion rate 
increased with pasture size in young herds (F = 73.41, d.f. = 1, 5, P < 0.01, R2 = 0.92). 
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FIGURE 5. Relationship between fission/fusion rate and pasture 
size for old (n = 11) and young (n = 7) herds in the Sandhills 
region of Nebraska during summer 2004-2005. Pasture size ranged 
from 7- 4856 ha. Symbols represent the mean fission fusion rate 
for each herd. 
Fission/fusion rate was not related to median group size (F = 0.23, d.f. = 1, 16, P = 
0.64), and including age into the model did not improve the fit (F = 1.00, d.f. = 3, 1, P = 
0.42). When the effects of median group size and pasture size were incorporated into a 
multiple regression model (F = 2.22, d.f. = 2, 15, P = 0.14, R2 = 0.13), there was no 
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significant independent effect of median group size (P = 0.40) and when median group size 
was held constant, the relationship between fission/fusion rate and pasture size approached 
significance (P = 0.06). 
No relationship was found between fission/fusion rate and density (F = 2.65, d.f. = 1, 
14, P = 0.13). When variation in density among herds was controlled, age structure had a 
significant effect on fission/fusion rate (F = 3.52, d.f. = 3, 12, P = 0.05, R2 = 0.34; Fig. 6). 
There was a significant independent effect of age structure (P = 0.02) and the independent 
effect of density approached significance (P = 0.08), but there was no interaction effect (P = 
0.97). Old herds, with old age classes represented, exhibited a lower fission/fusion rate than 
herds with a truncated age structure. 
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FIGURE 6. Relationship between fission fusion rate and density 
for old (n = 9) and young (n = 7) herds in the Sandhills region of 
Nebraska during summer 2004-2005. Density ranged from 0.06 —
3.17 individuals/ha. Symbols represent the mean fission/fusion rate 
for each herd. 
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Behavioral synchr~any Mean synchrony factor (S f) was 0.60 ± 0.07 for young herds 
and 0.55 ± 0.03 for old herds (t = 1.62, P = 0.11). There was no relationship between S f and 
the age of the oldest female in the group (F = 0.61, d.f. = 1, 126, P = 0.44). Adding age 
structure of the herd (oldest female < or > 10 years) into the model improved the fit (F = 
3.10, d.f. = 3, 124, P = 0.03, RZ = 0.05; Fig. 7) and there was a significant independent effect 
of herd age structure (P = 0.04). The independent effect of age of the oldest female in the 
group approached significance (P = 0.06), but there was no interaction effect (P = 0.25). 
When analyzed separately, synchrony factor increased as age of the oldest female in the 
group increased in old herds (F = 4.02, d.f. = l , 88, P = 0.05, R2 = 0.03 ), but young herds 
exhibited no relationship (F = 2.64, d.f. = 1, 36, P = 0.11). Mean age of the oldest female in 
the group in the young herds was 7.08 ± 1.30 years, and mean age of the oldest female in the 
group in old herds was 13.84 ± 4.70 years. Note that in old herds, the age of the oldest 
female in the group may not have been > 10 years old. S f was divided into values < 0.50 and 
> 0.50 for both young and old herds. When analyzed separately, there was no difference in 
the number of Sf values < 0.50 and those > 0.50 for old herds (x2 = 0.54, d.f. = 1, P = 0.46), 
but young herds had significantly more S f values > 0.50 than expected (x = 6.74, d.f. = 1, P < 
0.01; Fig. 8). 
Leadership Only old herds were used in leadership analyses. Of the 34 leadership 
events recorded over 19 observation periods, 8 (23.53 %) were led by a female > 10 years. 
Given their proportion in the group and the number of leadership events that occurred, the 
number of times an old female was expected to lead the group was 3.55 (0.07 %). Therefore, 
the number of leadership events led by an old female was significantly greater than by 
chance (~ = 104.18, d.f. = 19, P < 0.01). 
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DISCUSSION 
The establishment of herd age structures in bison is a fundamental management 
decision that may be important for ecological, as well as economic reasons. Herd size, 
pasture size, and density are controlled by land managers or bison ranchers. In this study, 
herd size, pasture size, median group size, and density were determined, a priori, to likely 
affect movement rates and fission/fusion rates in female bison. Median group size, however, 
could be considered a result of density, or it may be a result of herd social dynamics, of 
which age structure is an important element. In this study, only herd size and median group 
size were important determinants of movement rate, and age structure of the herd did not 
have an independent effect on movement rate. Fission/fusion rate was best explained by 
density and pasture size, and age structure of the herd affected fission/fusion rate when 
differences in density were statistically controlled. 
A positive quadratic relationship was revealed between movement rate and herd size 
with the lowest movement rate occurring at a herd size of 200 animals. This relationship 
was particularly strong among herds with older age classes represented and may be used to 
help design bison management strategies for specific management goals. The mean herd size 
for private herds in the United States is 56 (USDA 2002), and the mean herd size for public 
herds is 411 (Boyd 2003). If the goal is to mimic historical disturbance, managers should 
select for a herd size that would exhibit a low movement rate to allow for high intensity, 
patchy grazing (200 animals). Particularly where bison are used as a tool to manage 
prairies, the herd size should be managed to achieve the desired movement rate. Of course, 
an appropriate pasture size must also be considered when selecting a herd size, and bison 
movement rates may differ in other prairie types. 
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The pattern and intensity of bison grazing affects grassland vegetation, and as a 
result, fire frequency and intensity (Coppock and Detling 1986; Fuhlendorf and Engle 2001; 
Fuhlendorf and Engle 2004). Historically, bison grazing was often so intense that it 
resembled the after effects of fire (Higgens 1986). Fire is an important ecological factor 
responsible for creating and maintaining North American prairies (Umbanhowar 1996). A 
mean fire-return interval of 3-5 years is likely for the pre-settlement Nebraska prairies (Bragg 
1986). Historically, large bison herds removed much of the aboveground biomass, which 
would have likely prevented a high frequency of large scale fire (Hobbs et al. 1991). 
However, smaller scale, patchy fires may have occurred more frequently, especially in areas 
of low bison grazing pressure. Bison preferentially graze recently burned patches, due to the 
enhanced growth of desired plants (mainly C4 grasses) (Vinton et al. 1993). Therefore, bison 
and fire are thought to have worked in concert to produce the patchy mosaic that was 
characteristic of the pre-settlement landscape of the Great Plains (Fuhlendorf and Engle 
2001). However, current management does not often reflect this relationship, since bison and 
fire are rarely utilized together. This study suggested that a herd size of 200 animals 
exhibited low movement rates, which may result in intense grazing at the patch level. The 
combination of intense grazing and low movement rates by bison, in addition to the use of 
prescribed fire, may mimic the historical disturbance pattern, and lead to a patchy mosaic of 
plant communities that is believed to be a characteristic of the pre-settlement Great Plains 
(Morgan 1998). A patchy vegetation mosaic contributes to landscape heterogeneity, 
necessary for many prairie species, which in turn helps to promote high levels of biodiversity 
(Vinton et al. 1993; Hartnett et al. 1996; Adler et al. 2001). 
Bison herds with a young age structure had higher synchrony than expected, meaning 
that the majority of the animals in the group were performing the same activity as the oldest 
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females) in the group. This suggests that the benefits of synchrony may outweigh the costs 
for young bison herds. Because young herds do not have the range of age classes found in 
older herds, the nutritional needs of younger animals maybe more similar and synchrony 
maybe more easily achieved (Ruckstuhl 1999; Conradt and Roper 2000). Herds with an old 
age structure had lower behavioral synchrony, possibly due to different nutritional needs 
within the herd. However, older herds also appeared to be more cohesive, as indicated by 
their lower propensity for fission/fusion events. 
Leadership by older females may explain the greater cohesion in herds with an older 
age structure. Leaders are thought to be individuals that move in a purposeful direction, and 
attract the attention of other individuals in the group (Focardi and Pecchioli 2005). This 
movement may be the result of having more knowledge of the area and of the location of 
resources (Greenwood and Rittenhouse 1997). Groups may not need to be synchronous in 
their activities if they have reliable leadership. If this is the case, herds with older females 
maybe able to avoid the costs associated with synchronization while still getting the benefit 
of group living. Young herds lack older females for leadership, so synchronizing their 
activities may allow younger herds to stay together in the absence of a leader. 
Groups must be cohesive in order to achieve group movement, and larger groups are 
less likely to remain cohesive if they move at a fast rate. This follows the pattern exhibited 
by herds with an old age structure and herds with a truncated age structure; as median group 
size increased, movement rate decreased. A previous study on ungulates revealed that 
movement synchronization was poor in large groups (Focardi and Pecchioli 2005). Old 
herds did not demonstrate a relationship between movement rate and median group size, 
indicating that additional factors may play a role in maintaining group cohesion in these 
herds. Again, the presence of older females (> 10 years) may provide a focal point for group 
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cohesion. This is analogous to studies of African buffalo herds which demonstrate a high 
level of group cohesion, while being only loosely synchronized (Turner et al. 2005). 
As density increases, it is expected that fission/fusion rate would increase by 
enhancing the rate of group encounters (Caughley 1964). In this study, however, 
fission/fusion rate decreased with an increase in density, and young herds had higher 
fission/fusion rates than old herds. One possible explanation for this relationship is that, as 
density increased, there was an increased likelihood that all members in the herd were in one 
group, thus eliminating the possibility of fusion. This may also explain why young herds 
exhibited an increased fission/fusion rate with an increase in pasture size. In small pastures, 
fission/fusion events may be unlikely to occur due to limited space and high proximity 
between all individuals, resulting from a high density (Hacker et al. 1988). Or, small 
pastures may only support a small herd size, and breaking up into smaller groups may not 
result in optimal group fitness (Sibley 1983). The lower fission/fusion rate in herds with an 
old age structure indicates increased cohesion, because, over all densities studied, groups in 
old herds did not break up as much as groups in young herds. 
The length of time a herd has been together may affect the behavior exhibited by the 
herd. However, this is unlikely to explain the results in this study because most herds 
experienced changes in herd composition, pasture size, and location during the study (Table 
1). Herds A and B combined to form one herd during the 2005 field season, and herd E 
incorporated both pasture rotation within years and a change in pasture location between 
field seasons. Between years, herd C decreased in size by 22%, while herd D had a 39°Io 
increase in herd size. Although herds F and G were only observed during 2005, their 
management included pasture rotation, they had been assembled from numerous sources, and 
the herds had only been at the study locations for several years (Table 1). 
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Implications and future studies Herds with an older age structure appear to be 
more cohesive than younger herds, which may have effects on patterns of range use. Old 
herds may exhibit high intensity grazing on localized areas. Because these herds are led by 
an older female, who may have more knowledge of the landscape and location of resources, 
return time to previously grazed patches may be optimized, which would promote grassland 
regrowth. This grazing pattern would contribute to the patchy landscape, characteristic of the 
pre-settlement Great Plains. If management goals include a desire for a heterogeneous 
landscape with high biodiversity, allowing older females to remain in the herd may help to 
promote this. However, future studies need to examine the difference in revisitation rates 
between young and old herds and assess the impacts of herd age structure on the grassland 
environment. 
Because wild bison herds were eliminated before any quantitative ecological 
information could be gathered, our knowledge of bison as a wild species is dependent on 
historical accounts of the indigenous people of the plains and white settlers (Knowles et al. 
1998). Bison management has often focused on adapting bison behavior and ecology to fit 
within the desired management goals, but maintaining the wild character of bison over the 
long run will necessitate a special effort by both public and private herd managers. The 
recent interest in elucidating the differences between cattle and bison should pave the way for 
management that is best suited for each species and the various goals of managers. 
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CHAPTER 3. GENERAL CONCLUSIONS 
The return of bison from the brink of extinction is one of the most notable 
conservation efforts in U. S . history. However, as a result of the current interest in bison 
ranching, over 95% of bison are found in private herds (Knowles et al. 1998). Due to their 
natural attributes (e. g. highly adapted to cold weather, natural rotational grazers, less prone to 
disease) many cattle ranchers have expanded their businesses to include bison (Klein 1998). 
There is concern that bison are undergoing domestication because the management strategies 
used by public and private herd managers are not significantly different from those 
associated with cattle (De Liberto and Urness 1993; Lott 1998). Severely truncated age 
structures are typically maintained in both public and private herds, often to increase 
productivity; however no information concerning the effects of herd age structure on the 
behavior and social organization of female bison has been available. 
In this study, herds with an older age structure appeared to be more cohesive than 
younger herds, which may have effects on patterns of range use and biodiversity. Old herds 
may exhibit high intensity grazing on localized areas, but may also optimize return time to 
previously grazed patches, allowing for grassland regrowth. If management goals include a 
desire for a heterogeneous, patchy landscape, allowing older females to remain in the herd 
may help to promote this. 
The recent interest in restoring bison to a functional role in natural resource 
management has great potential for the conservation of the wild species (Plumb and Dodd 
1993; Callenbach 1996; Knapp et al. 1999). However, there is little understanding of basic 
bison ecology and of the ecosystem they once inhabited (Knowles et al. 1998). Private 
ranchers face the challenge of balancing bison management for profit while still maintaining 
the wild character of bison. Public herd managers have the opportunity to play an active role 
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in the preservation of a genetically diverse, naturally behaving species. In order to conserve 
bison as a wild species, both public and private managers need to integrate new management 
practices that incorporate and respect the natural behavior of bison. 
Bison may serve as a general model of what to expect for other large mammals facing 
similar challenges (Berger and Cunningham 1994; Derr et al. 1998). Because wild bison 
herds were eliminated before any quantitative ecological information could be gathered, it is 
only through the current research that we are beginning to understand the ecology of the 
largest terrestrial animal in North America (Knowles et al. 1998). However, without the use 
of appropriate management strategies, the conservation of the natural character of these 
animals is uncertain. 
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